Phenotypic modulation of cultured endothelial cells in collagen matrices induced by tumor necrosis factor alpha.
The effect of tumor necrosis factor alpha on vascular endothelial cells was analyzed using a collagen-embedded, three-dimensional culture system, focusing on angiogenesis and expression of cell adhesion molecules. When the endothelial cells were cultured between two layers of type-I collagen gel, they reorganized into a network of branching and anastomosing tubular structures. Once the structure was formed, the cells did not undergo further division. Addition of tumor necrosis factor alpha at 10 to 500 U/ml to the overlaid culture medium inhibited this tube-forming process and enhanced their survival, whereas it suppressed cell growth in monolayer. To test its effect on the expression of cell adhesion molecules, the collagen was digested, and the dispersed cells were stained with anti-intercellular adhesion molecule-1 and endothelial-leukocyte adhesion molecule-1 monoclonal antibodies. Tumor necrosis factor alpha upregulated the expressions of both molecules for an extended period of time. Even in the absence of tumor necrosis factor alpha, the cells embedded in collagen matrices expressed small amounts of these adhesion molecules. These results indicate that endothelial cells display phenotypic changes in collagen matrices and modulatory response to tumor necrosis factor alpha.